SECTION 16285: MEDIUM VOLTAGE METAL ENCLOSED CAPACITOR BANKS

SECTION 26 35 33: MEDIUM VOLTAGE METAL ENCLOSED CAPACITOR BANKS

PART 1 GENERAL

1.01 SECTION INCLUDES

A. Three phase medium voltage metal enclosed automatic capacitor bank.

1.02 RELATED SECTIONS

1.03 REFERENCES

A. The metal enclosed automatic capacitor bank shall conform to or exceed the applicable requirements of the following standards and codes:

1. UL-347, High Voltage Industrial Control Equipment

2. UL-508, Industrial Control Panels

3. UL-50, Standard for enclosures for Electrical Equipment

4. Applicable portions of Article 710 in the National Electrical Code

5. Article 460 of the National Electrical Code

6. CP-1 NEMA Standard on Shunt Capacitors

7. NESC Standards

8. IEEE Std. 1036-1992, IEEE Guide for Application of Shunt Power Capacitors

1.04 DEFINITIONS

1.05 SYSTEM DESCRIPTION

A. Three phase medium voltage metal enclosed automatic capacitor bank consisting of ____________steps of _________ kvar at_________ kv.  The bank shall be automatically switched based on power factor.  All controls, switching devices, and protection features are enclosed in an all-welded compartmentalized steel enclosure.  

B. The bank shall come fully assembled and ready for interconnection.  

C. The ratings of the bank and associated switchgear, switching devices, capacitors, fuses, and all other applicable components shall have ratings designed for application on the following system:

Nominal System Voltage, (Kv)……………….…._______________
Maximum System Voltage, (Kv)……………..…._______________
System BIL, (Kv)……...…………………………  _______________
Three Phase Short Circuit Rating at Capacitor 
Bank (RMS Symmetrical Amps)……………….  _______________
Line-Ground Short Circuit Rating at Capacitor 
Bank (RMS Symmetrical Amps)…………………_______________

1.06 SUBMITTALS

A. Manufacturer shall provide copies of following documents to owner for review and evaluation in accordance with general requirements of Division [1] [01] and Division [16] [26]:

1. Product data and spare parts list;

2. Outline, nameplate, connection diagrams and other capacitor shop drawings

3. Installation and operating instructions, maintenance, troubleshooting and repair procedures and technical literature pertaining to all components or instruments provided. 

1.07 PROJECT RECORD DOCUMENTS

A. Maintain an up-to-date set of Contract documents. Note any and all revisions and deviations that are made during the course of the project.

1.08 OPERATION AND MAINTENANCE DATA

A. Manufacturer shall provide copies of installation, operation and maintenance procedures to owner in accordance with general requirements of Division [1] [01] and Division [16] [26].

B. Submit operation and maintenance data based on factory and field testing, operation and maintenance of specified product.

1.09 QUALITY ASSURANCE (QUALIFICATIONS)

A. Manufacturer shall have specialized in the manufacture and assembly of medium voltage metal enclosed capacitor equipment for [10] years.

1.010 DELIVERY, STORAGE, AND HANDLING

A. Deliver, store, protect, and handle products in accordance with recommended practices listed in manufacturer's Installation and Maintenance Manuals.

B. Inspect and report concealed damage to carrier within specified time.

C. Store in a clean, dry space. Maintain factory protection or cover with heavy canvas or plastic to keep out dirt, water, construction debris, and traffic. (Heat enclosures to prevent condensation.)

D. Handle in accordance with manufacturer's written instructions to avoid damaging equipment, installed devices, and finish.

1.011 PROJECT CONDITIONS (SITE ENVIRONMENTAL CONDITIONS)

A. Follow (standards) service conditions before, during and after capacitor installation.

B. Indoor capacitor banks shall be located in well-ventilated areas, free from excess humidity, dust and dirt and away from hazardous materials. Ambient temperature of area will be between minus [30] and plus [40] degrees C.

1.012 WARRANTY

A. Manufacturer warrants equipment to be free from defects in materials and workmanship for 1 year from date of installation or 18 months from date of shipment, whichever occurs first.

1.013 FIELD MEASUREMENTS

A. Make all necessary field measurements to verify that equipment shall fit in allocated space in full compliance with minimum required clearances specified in National Electrical Code.

PART 2 PRODUCTS

2.01 MANUFACTURER

A. General Electric Company products have been used as the basis for design. Other acceptable manufacturers are [ _____________ and ____________ ]. All manufacturers' products shall be of equivalent quality, dimensions and operating features and shall comply with all requirements specified or indicated in these contract documents.

2.02 MANUFACTURED ASSEMBLIES

A. Three phase medium voltage metal enclosed automatic capacitor bank as indicated on the drawings.

2.03 EQUIPMENT

A. Refer to drawings for: actual layout and location of equipment and components; current ratings of devices, bus bars, and components; voltage ratings of devices, components and assemblies; and other required details.

B. Enclosure: 

1. The manufacturer of the enclosure shall also be the assembler of the capacitor bank. This is to ensure the highest degree of control with respect to critical enclosure manufacturing processes such as cleaning and surface preparation, welding, priming, and painting. Verification of enclosure manufacturing by supplier (on-site visit, photos, raw material invoices) may be required. No exceptions allowed.

2. The capacitor bank shall consist of a single compartmentalized enclosure with (NEMA 1) (NEMA 3R) construction that will house all components, including fuses, capacitors, switches and associated controls.  All components shall be accessible and removable from the front of the enclosure.  Bolted panel construction, transclosure style, and switchgear cubicle style enclosures will not be allowed and will be rejected.

3. The enclosure shall be fabricated from 11-gauge cold rolled A60 galvaneal steel. All seams shall be welded and ground smooth to present an attractive appearance. The roof shall be cross-kinked or gabled to allow for shedding of water.

4. The doors shall be flush and removable in the open position. They shall be equipped with stainless steel hinges and hinge pins, and 3-point latching handles. The handles shall be pad lockable.  All doors providing access to high voltage compartments shall be equipped with door stays to hold doors in the open position.

5. The compartment containing the load-interrupter switch and ground switch shall be equipped with an internal hinged protective screen or door that is either bolted shut, pad-lockable, or key interlocked, to guard against inadvertent entry to the terminals of the load-interrupter switch. Access to any portion of the load-interrupter switch shall be blocked by the protective screen while allowing access to the load-interrupter main fuses and capacitor compartments.

6. The base of the enclosure shall be equipped with C4x5.4 structural steel channel. Removable steel lifting plates consisting of 1/2" steel shall be located at each corner. Formed channel bases will not be accepted.

7. All ventilation louvers shall be located on the front of the enclosure and shall be backed with a stainless steel mesh. 

8. All fasteners and associated hardware, inside and out, shall be stainless steel.  Externally accessible hardware shall not be used for support of high-voltage components or switch-operating mechanisms within the capacitor bank.

9. Thermostatically Controlled Strip Heaters shall be supplied in all non-ventilated compartments. When determined by the manufacturer, a thermostatically controlled fan or ventilator shall be supplied.  

10. Each door of the enclosure shall be equipped with self-adhesive vinyl 14" x 10" warning signs.  The Incoming Compartment sign shall state “Do Not Enter, Authorized Personnel Only.  All other Doors shall state, "Do Not Enter, High Voltage".  The protective screen surrounding the air disconnect switch shall also have a sign that states, “Danger, High Voltage”.  The Back Panel of the control compartment shall be equipped with a sign that states, “Electrical Hazard”. 

11. The enclosure shall have a continuous 1/4” x 1” Silver-plated Copper ground bus that spans the full width of the enclosure. 

12. The enclosure shall be prepared and painted with a high-solid epoxy coating as specified below. The paint shall be ANSI gray 61 – Munsell No. 8.3G 6.10/0.54, ANSI Gray 70 – Munsell No. 5BG 7.0/0.4 or Green - Munsell No. 7Gy 3.29/1.5. 

SPECIFIER NOTE:  THE FOLLOWING ITEMS (ITEMS 13, 14 AND 15) CAN BE SPECIFIED AS REQUIRED. IT SHOULD BE NOTED, HOWEVER, THAT BANKS THAT ARE ACCESSIBLE TO THE PUBLIC (I.E. BANKS BUILT IN ACCORDANCE WITH C57.12.28) SHOULD NOT INCLUDE THESE ITEMS.

13. Doors providing access to interrupter switches shall be provided with a wide-view window constructed of an impact-UV-resistant material, to facilitate checking of switch position without opening the door.

14. The main incoming fuse compartment shall be equipped with a wide-view window constructed of an impact-UV-resistant material, to facilitate checking of the main fuses without opening the door or de-energizing the bank.

15. The capacitor compartment shall be equipped with a wide-view window constructed of an impact-UV-resistant material, to facilitate checking of capacitors and capacitor fuses without opening the door or de-energizing the bank.

C. Load Interrupter – Air Disconnect Switch

1. The capacitor bank shall be supplied with an external chain operated load interrupting switch that accomplishes capacitive current interruption utilizing the dual arc extinguishing system based on the auto-pneumatic air-blast and hard gas nozzle principle.  The switch shall be rated at 135% of the bank’s nominal current rating and shall have a 40-kA RMS momentary asymmetrical rating.  This switch shall be interlocked with the vacuum switches to prevent it from being opened while the capacitor stages are energized. The switch shall be pad-lockable in either the open or closed position.

2. The Air Disconnect Switch shall be located in a separate compartment that is isolated from the capacitor compartment and the low voltage control compartment by a steel barrier. In addition to the exterior enclosure door, a protective hinged screen or door (behind the exterior door) shall be provided before access to the switch is allowed.

D. Ground Switch

1. An externally operated ground switch shall be provided to ground the load-side terminals of the air disconnect switch. The ground switch shall be pad-lockable in either the open or closed position. The ground switch must be tested in accordance with ANSI/IEEE standards.  Test reports shall be furnished upon request. 

2. The ground switch shall be interlocked with the Air Disconnect Switch to prevent closing of the ground switch when the air disconnect switch is in the closed position.

E. Main Incoming Fuses

1. The bank shall be equipped with main incoming current limiting fuses.  The fuses shall be located on the load side of the main air-disconnect switch.  They shall be accessible only when the bank is de-energized by the main incoming air disconnect switch and shall be completely isolated with a steel barrier from the capacitor compartment and the incoming air-disconnect switch compartment.

F. Lightning/Surge Arresters

1. The capacitor bank shall be equipped with Heavy Duty Distribution Class Surge/Lightning Arresters. The rating of the Surge Arrester shall be recommended by the capacitor bank supplier.  

G. Transient Inrush Reactors

1. Each capacitor bank stage shall be equipped with transient inrush reactors.  The reactors shall be completely impregnated with an epoxy resin that will reduce noise, promote heat dissipation, and provide protection in harsh environments. The reactors shall limit the di/dt of the capacitor inrush current to 3.6x107 amps/second. Calculations shall be provided to confirm the manufacturer claims.

The inrush reactors shall be rated for at least 135% of the stage current.  When expansion capability is necessary, the rating shall be sufficient for 135% of the maximum capacity of the stage.

2. The transient inrush reactors shall be the TI-Reactor™ as manufactured by Northeast Power Systems, Inc. 

H. Vacuum Switches

The capacitor bank stages shall be controlled by either single phase motor/solenoid operated vacuum switches or three-phase vacuum contactors that have been tested for capacitor switching.  Capacitor switches (when utilized) shall be tested in accordance with ANSI Standard C37.66. 

1. The vacuum switches/contactors shall be controlled by an on/off/auto switch.  In the auto position, the switches shall accept control from the digital power factor controller.  In the on/off position, the vacuum switches will be forced on or off, regardless of the automatic controller output signal.  

2. The control system shall prevent the vacuum switches from operating more than once in a 5-minute period. 

3. The vacuum switches shall be interlocked with the bank’s air-disconnect switch and ground switch.

I. Capacitors

1. The automatic capacitor bank shall be equipped with all-film, low loss, double-bushing capacitors. The capacitors shall be designed, manufactured, and tested to meet and/or exceed all applicable NEMA and ANSI/IEEE standards. Capacitors must be manufactured in North America and shall be manufactured by GE.

2. Each capacitor shall contain of an internal discharge resistor to reduce the stored voltage to 50 volts or less within 5 minutes from disconnection.

3. The capacitors shall be connected in ungrounded-wye and shall be protected from sustained over voltages due to capacitor unit failure and/or system ground faults by a neutral unbalanced voltage detection system.

4. The capacitors shall be located in a compartment that is separate from the main incoming fuses and the air disconnect switch.

5. Capacitors shall be mounted horizontally and shall be mounted on C4x5.4 structural steel channel. The capacitors shall be removable from the front of the enclosure.

J. Capacitor Protection

1. Each capacitor shall be protected by a full range current limiting fuse with blown fuse indicators.  Fuses shall be visible and accessible from the front of the Enclosure. 

2. An unbalance detection system shall be provided on each stage to indicate a blown fuse and to protect the capacitors from sustained over-voltages due to capacitor unit failure and/or system ground faults.

3. External Indication of a blown fuse shall be provided by an externally mounted Roof Top NEMA 4X Strobe Light.  The Strobe light shall flash at a rate of 80 per minute and shall have a peak candlepower of 175,000.

K. Tin Plate Phase and Ground Bus

1. All phase and ground bus shall be Tin plated for maximum conductivity and corrosion resistance.  Bolted bus-to-bus connections shall be made with 3/8” – 13 stainless-steel bolts with two stainless steel flat washers, one under the bolt head and one under the nut and with a stainless steel split lock washer between the flat washer and the nut. The bus shall not have a current density greater than 1200 amps/in2.  Where expansion capability is required, the bus shall be rated for the maximum capacity of the bank.

2. The bus supports, bus, and interconnections shall withstand the stress associated with the available short-circuit current at the capacitor bank.

3. The ground bus shall be located near the front base of the enclosure to allow for placement of field installed ground clamps. The bus shall run the full width of the enclosure and shall be pre-punched for connection of equipment ground conductor(s) and cable shield wires.

L. Key Interlock System

1. The capacitor bank shall be equipped with a keyed interlock system to prevent unauthorized and out of sequence entry into the capacitor bank.

2. The interlock scheme shall include the upstream protective device (where necessary), the capacitor bank’s air disconnect switch, ground switch, and the doors of the enclosure.  The interlock scheme shall function as follows:

a. Turn all capacitor stages off manually with the on/off/auto switches.

b. Upon a waiting period of 5 minutes (beyond the time that all stages have been turned off), key “A1” shall be released.  (Note: This key shall be held captive until all stages have been de-energized for 5 minutes).

c. Use the “A1” key to unlock the air disconnect switch. Open the Air-Disconnect Switch and close the mechanically interlocked Ground Switch.

d. Remove the “A2” key from the Ground Switch (Removing of the “A2” key shall lock ground switch in closed position” and proceed to the Air-Disconnect Switch External Compartment Door. Unlock the Air-Disconnect Switch Compartment Door and remove the “A3” key from the lock. (Note: Access to Air-Disconnect Switch terminals is prevented by the interior compartment door. This door can be interlocked with upstream breaker or load interrupter if desired. This would prevent access to terminals of switch unless upstream device was locked out.)

e. Use the “A3” key to open the first door that has access to the capacitor compartment. (Upon turning of the “A3” key, the vacuum switches shall close to ground all components on the load-side of the vacuum switches.) Remove the “A4” key from the first capacitor bank compartment door and proceed to the second capacitor bank compartment door.

f. Open the second capacitor bank compartment door, and proceed with the released key (if one is present) to the next door.

g. The above procedure is repeated until all doors are open.

3. The keyed interlocks on the door shall be mounted behind the enclosure doors with the key-holes protruding through the doors.  The locks shall be equipped with stainless steel covers.  The keyed interlock system shall allow all doors to be opened at one time. Master Key interchanges or externally mounted key interlocks shall not be provided.

4. The door key interlocks shall not require adjustment in the field. If adjustments are required, the supplier will be required to make such adjustments in the field at their cost.

M. Controls

1. All low voltage controls (where practical) shall be isolated from the high voltage compartments. All controls shall be accessible while the bank is energized.  The control compartment shall form an integral part of the enclosure (no externally mounted control compartments shall be allowed). The control compartment shall allow for bottom or top entry of customer control wires without having to enter the medium voltage compartment. The controls compartment shall be equipped with a swing out panel to allow access to panel mounted controls.

2. All Control wires that connect to components inside high voltage compartment shall be enclosed in metal conduit or wire troughs that are formed as part of the capacitor bank

3. The automatic capacitor bank shall be equipped with a power factor controller that will automatically switch equal or unequal capacitor bank stages in or out to regulate a facilities power factor to a preset value. The controller shall monitor individual stages for loss in kvar, and shall continue to regulate to a preset value in the event there is a defective stage. In addition, the controller shall consist of the following features:

a. Digital setting of individual parameters including target power factor, switching time, step limit, etc.

b. Digital indication of preset power-factor, preset parameters, and specified installation data.

c. Automatic Self-Adjustment to any capacitor step value.

d. Facility to Connect a Mini-printer.

e. Plug-in Terminal Connection.

f. Automatic elimination of defective capacitor steps and their indication (e.g. blown capacitor fuses, welded contacts, etc.).

g. Visual Display of Harmonic Overload Alarm

4. The bank shall be provided with a maintenance interval timer that can be set to alert plant personnel of a maintenance requirement. 

5. A counter that counts the number of times each stage has been energized shall be provided.  The counters shall be equipped with set points that allow an indicator to be lit when the set point value is reached.

6. The complete control circuit shall be protected by a main circuit breaker.

7. Each stage shall be equipped with on/off/auto switches, stage on indicator (green) and stage off indicator (red).  An interposing on-delay relay shall be provided to prevent the energization of a capacitor bank in less than 5 minutes. The manufacturer of the bank shall confirm that when going from the “Manual” position to the “Auto” position on any stage, that the corresponding stage will not be energized in less than 5-minutes.

8. The bank shall be equipped with a control power transformer that has both primary and secondary overcurrent protection. The control power transformer shall be connected between phases B and C.

9. The Capacitor Bank Compartment, Control Compartment, and Air-Disconnect Switch Compartment shall be equipped with lights that are controlled by an on/off switch located in the control compartment.

10. A 15-amp GFI Convenience outlet shall be provided in the control compartment.

11. The Medium Voltage Capacitor Bank Control System shall be listed under UL 508A for Industrial Control Panels. 

12. UL class CC 600 volt current limiting fuses shall be provided to protect the control circuit.

13. All Current transformer circuits shall be wired with a minimum of 10 gauge copper wire. Knife switch style shorting blocks shall be used in all current transformer circuits to allow for safe removal and maintenance of control components.

14. The capacitor bank shall be equipped with a single phase over voltage relay. This relay shall protect the capacitors as well as the system equipment from over-voltages that may be present during light loads.  The relay shall have two individual set-points that can alarm as well as trip the bank off-line.

15. A three-phase panel meter shall be provided. This meter shall receive its voltage and current signals from three current transformers and two potential transformers located inside the capacitor bank.   

2.04 FINISH

A. The finish paint shall be ANSI gray 61 – Munsell No. 8.3G 6.10/0.54, ANSI Gray 70 – Munsell No. 5BG 7.0/0.4 or Green - Munsell No. 7Gy 3.29/1.5.

B. Surface Preparation:  All steel surfaces shall be prepared per SSPC-SP2, 3, 6, 7, 10, 11 or the paint manufacturer’s recommendations. Exceptions to the manufacturer’s requirements shall be approved by the paint manufacturer and provided with the submittal documents. 

C. Inaccessible Surfaces:  Prepare and coat steel surfaces inaccessible to preparation and coating after fabrication with all coats before fabrication.  Inaccessible surfaces shall be considered Zone 2A per SSPC specifications.

D. Primer Specification:  All surfaces, inside and out, shall be primed with a High-Solid Epoxy (primer coat shall have a 2 to 4 mil dry film thickness) paint.  The primer shall have following minimum performance and properties:

1. Salt Spray (ASTM B117) 3000 Hours with no face blistering

2. Humidity (ASTM D2247) 750 Hours with no face corrosion or blistering

3. Immersion (NACE TM-01-69) fresh water 1 year with no blistering

4. Abrasion resistance (ASTM D4060) 1kg load/1000 cycles, CS-17 wheel: 102 mg weight loss.

5. Impact resistance (ASTM D2794): Direct 24 in.lb and Reverse 6 in.lb.

6. Moisture vapor transmission (ASTM F1249): 4.49 g/m2.

7. Adhesion (ASTM D4541): 900 PSI

8. NFPA Class A Qualification

E. Top Coat Specification:  All surfaces, inside and out, shall be top coated with a High-Solid Epoxy paint with a dry film thickness of 2 to 4 mils. This will provide a total dry film thickness of 4 mils minimum and 8 mils maximum. The minimum acceptable measure total dry film thickness shall not be less than 4 mils.

F. The paint utilized on the top-coat shall have the following properties:

1. Salt Spray (ASTM B117) 5500 Hours with no face blistering

2. Humidity (ASTM D2247) 5500 Hours with no face corrosion or blistering

3. Gloss retention (ASTM G53) QUV-B bulb: Greater than 50% gloss retention at 26 weeks.

4. Elongation (ASTM D5222) 14%

5. Abrasion resistance (ASTM D4060) 1kg load/1000 cycles, CS-17 wheel: 53 mg weight loss.

6. Impact resistance (ASTM D2794): Direct 24 in.lb and Reverse 6 in.lb.

7. Adhesion, elcometer (ASTM D4541): 2700 PSI

8. NFPA Class A Qualification

9. Paint shall also provide excellent chemical resistance to splash, spillage, fumes and weather for acidic, alkaline, salt solutions (acidic, neutral, and alkaline salt solutions), fresh water, solvents and petroleum product environments.

G. Upon request, the manufacturer shall provide supporting documents (surface preparation procedures as well as paint manufacturer’s paint specifications) showing the above requirements are met. Failure to comply with this request will be cause for cancellation of order. 

PART 3 EXECUTION

3.01 EXAMINATION

A. Verify that capacitor banks are ready to install.

B. Verify field measurements are as [shown on Drawings] [instructed by manufacturer].

C. Verify that required utilities are available, in proper location and ready for use.

D. Beginning of installation means installer accepts conditions.

3.02 INSTALLATION

A. Supplier shall provide a field service engineer to perform all manufacturer's recommended inspections and tests on installed equipment before equipment is energized and to confirm proper installation and operation.  Minimum testing shall be:

1. Inspect entire unit for physical damage, proper mounting, and required clearances.

2. Compare nameplate information with the drawings and specifications.

3. Verify that capacitors are electrically connected in the proper configuration.

4. Inspect all buss and cable connections for proper torque.

5. Very proper operation of the grounding switch, air-disconnect switch and safety interlocks.

3.03 FIELD QUALITY CONTROL

A. Inspect installed capacitor banks for anchoring, alignment, grounding and physical damage.

B. Check tightness of all accessible mechanical and electrical connections [with calibrated torque wrench]. Minimum acceptable values are specified in manufacturer's instructions.

3.04 ADJUSTING

A. Adjust all access doors and operating handles for free mechanical operation as described in manufacturer's instructions.

B. Return "odd" Kirk keys to Engineer before energizing equipment.

3.05 CLEANING

A. Clean interiors to remove construction debris, dirt, shipping materials.

B. Repaint scratched or marred exterior surfaces to match original finish.
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